For the safe mining operations, it is necessary to take into account a large number of negative factors, one of which is zonal failure (disintegration) of rocks that occurs after developing deposits at great depths.Therefore, investigation of the behavior of zonal mesostructures regularities around deep mine openings is relevant.In this paper dependences from influencing factors of the first failure zone radial extent, of the depth of the contour zone and the first failure zone merging, and the depth of the second failure zone appearance are established based on the non-Euclidean model of the zonal failure rock mass around deep lined openings and the Odintsev's criterion of the failure under compression.The influencing factors are the uniaxial compression strength of the rock с  (MPa); the opening depth H (m); the ratio of empirical coefficients 3 1 γ / γ ; the values of the rocks elastic modulus, E, and the Poisson's ratio,  . The study was carried out both for hard and weak rocks at values resistance of support 0.5 and 1 MPa.
Introduction
The disruption of the massif solidity at great depths has a periodic, zonal character, in the literature it is known as "zonal disintegration." Under these conditions, the deformation of the surrounding rocks also acquires an oscillatory periodic character.The rock massif is a hierarchically-block medium [1, 2] .
The description of the block defective media behavior within the framework of classical models of continuum mechanics encounters fundamental difficulties: 1) the inability to take into account the conditions for the disruption of the continuity of the medium as a result of large compressive stresses action; 2) the difficulty of representing the rock mass by a medium far from the conditions of thermodynamic equilibrium, and others. The influence lining of the opening on the character of the massif zonal destruction has not been adequately studied at present. To ensure the ability to manage the characteristics of the failure zonal structure, depending on the values of the influencing factors, special evaluation studies are needed.
In the paper, the dependences of some characteristics zonal structure of the rock massif failure around the lined opening from the influencing factors are investigated. A defective field around a lined underground opening of a circular section corresponding to the mesolevel of the massif [3] 
. (2) Here P is the resistance of support (MPa);
γ is the unit weight of rock (kN/m 3 ), and H is the opening depth (m); r 0 is the radius of opening (m); r is the distance from the center of opening to the current point of the rock mass (m); Е is the modulus of elasticity (MPa); is the Poisson's ratio; γ, c are the model parameters (m -2 ); J 0 , N 0 , K 0 , J 1 , N 1 , K 1 are the Bessel, Neumann, Macdonald functions of zero and first orders, respectively. At the same time, cracks related to the macro level for the rock massif are considered not to be interacting, and the failure conditions defined in [5] are applicable to them:
where l is the half-length of the rock mass fracture faults and is assumed to be equal to the minimum half-length of a tensile macrocrack (m), which his unstable in stress conditions;
, rr    are the maximum and minimum principal stresses, respectively (MPa)determined in (1), (2); 1  and 3  are the empirical factors; K 1 is the coefficient of stress intensity (МПа·м 1/2 ); К 1с is the fracture toughness of rock material (МПа·м 1/2 ). The resistance of the support P is interpreted as the magnitude of the radial stresses at the contact of the support with the rock mass.
Hard rocks zonal failure around a lined opening regularities investigation
The following characteristics of the zonal structure of the rock massif failure around deep rock openings are investigated: the radial extent of the first failure zone, the depth of the contour zone and the first failure zone merging, and the depth of the second fracture zone appearance at the values resistance of the support P = 0.5 and P = 1 MPa of rocks at Nikolaevskij mine (Dalnegorsk, Primorsky Krai, Russia) ( Table 1) . 
The first failure zone radial extent dependence on the influencing factors for hard rocks
Dependence of the radial extent of the first fracture zone on the depth of the tunneling for different values of uniaxial compressive strength σ с of the rock and the ratio of the empirical coefficients 3 1 /   for the resistance of the supports P = 0.5 and P = 1 MPa is reflected in Tables 2, 3 , 4.
It is established that with an increase of opening depth, the radial extent of the first failure zone increases and the faster, the less the ratio 3 1 /   ( Table 2, 3, 4) . The radial extent of the first failure zone increases with increasing opening depth, the faster, the less the strength of the rock on uniaxial compression was established. The radial extent of the first fracture zone is shown to decrease if resistance of the support rises, but insignificantly (Tables 2, 3 (Table 2 ), the divergence in the radial extent of the first failure zone does not exceed 4% at values resistance of support P=0.5 and P=1 MPa.
The influence of the support resistance decreases if the strength of the rock on uniaxial compression rises (Tables 2, 3, 4). It is shown if the ratio 3 1 /   rises, the radial extent of the first failure zone decreases the faster, the less the strength of the rock on uniaxial compression at a fixed depth. The radial extent of the first failure zone is established to decrease if ratio 3 1 /   increases and the faster it is, the greater the opening depth (Tables 2, 3, 4). 
Dependence of the contour merging depth and the first failure zone on the influencing factors for hard rocks
As the opening depth is increasing, the radial extent of the contour zone rises, and the radial extent of the first intermediate zone decreases to zero, which results in the merging of the contour zone and first zone of failure. Fig. 1a , b shows the dependence of the depth merging of the first failure zone with the contour zone on the uniaxial compression strength at values of support resistance P = 0.5 and P = 1 MPa, respectively. It is established that with increasing in the rock uniaxial compression strength, the depth of merging of the contour and first failure zones increases and the faster it is, the larger the ratio Table. 5. It is shown that with a decrease in the uniaxial compression strength с σ , the influence of the support on the depth of merging of the contour and the first failure zones becomes more significant, but the difference in the depth of merging does not exceed 4%.
Dependences of the depth of merging of the contour and first failure zones on the ratio 3 1 /   for different values of the rock uniaxial compression strength are shown in Fig. 1c, d . It is established that with increasing ratio 3 1 /   , the depth of merging of the contour and the first failure zones increases and the faster it is, the larger the value с σ . At the same time, the influence of support resistance is insignificant (Table 5) . 
Dependence of the second failure zone depth appearance on the influencing factors for hard rocks
Dependences of the depth at which the second zone of failure appears on the uniaxial compression strength of the rock at resistance of the supports P = 0.5 and P = 1 MPa respectively are shown in Fig. 2 a, b . It is established that with increasing in the rock uniaxial compression strength, the depth at which the second zone of failure appears also increases. With an increase in the ratio 3 1 /   , the second zone of failure appears at a greater depth (Fig. 2 c, d ). The influence of the values of support resistance on the depth at which the second zone of failure appears for different values с σ and ratios 3 1 /   is shown in Table 6 . It can be noted that with the decrease in the uniaxial compression strength of the rock с  , the effect resistance of support increases and that the difference in the depth at which the second zone of failure appears for resistance of supports P = 0.5 and P = 1 MPa does not exceed 1.5%. 
Weak rocks around a lined opening zonal failure regularities Investigation
The study was carried out at coal mine named Artyom (Shkotovo settlement, Primorsky Krai, Russia) ( Table 7) . Fig. 3 shows the dependence the radial extent of the first fracture zone on the mining depth at the resistance of supports P = 0.5 and P = 1 MPa, respectively. It is established that with an increase of mining depth, the radial extent of the first failure zone increases and the faster it is, the less the ratio 3 1 /   (Fig. 3а, b) . It can be seen from Figures 3c, d that the radial extent of the first failure zone increases with increasing depth, and the faster it is, the less the σ с .
It is shown that with increasing the resistance of the support, the radial extent of the first failure zone decreases and at a depth of 90 m the difference in the radial extent reaches 30% (Table 8) . Hence, there is a significant influence the resistance of support on the radial extent of the first fracture zone for weak rocks. The patterns behavior of the rock massif zonal failure characteristics, established for hard rocks, is also preserved for the weak rocks. The influence of resistance of the support for the weak rocks is significant and reaches 30%. It is found out that the deformation modulus E and the Poisson ratio have practically no effect on the radial extent of the first failure zone, both for hard and weak rocks.
